Nine populations of Amblyomma americanum (L.) were examined electrophoretically for variation of 21 enzymes. Only three enzymes were not polymorphic and the average heterozygosity per individual (h) for the species was O•085 with a range of 0077 to 0.110, comparing well with values in other arthropods. The average Nei identity value for pairwise comparisons among the nine populations was high, 0994 0004 (I SD). These high identity values and the absence of geographic structuring of the protein variation suggest that this species is genetically homogeneous. Normal levels of genie variability within and a lack of divergence between populations were not predicted by models developed to describe these genetic characteristics on the basis of the heterogeneities encountered by parasites in their environment. An analysis of data from several different species of ticks suggests host mobility and abundance, as well as tick abundance and selectivity in choosing a host, are important parameters in determining genetic variation in these ectoparasites.
INTRODUCTION
The questions of how much genetic variability occurs in species of ectoparasites and how that variation is distributed among populations have received little attention. Mayr (1963) and White (1978) pointed out the trend that evolutionary divergence has proceeded more extensively in parasite groups that were selective in their host preference than in groups that exhibited a nonparticularhost selection. Price (1977; defined a parasite by the immediacy of the relationship between individual organisms and a single host (rather than the degree of feeding preference of the parasite species) and applied the theory of fitness sets and adaptive functions (Levins, 1962; 1968) and environmental grain (MacArthur and Levins, 1964) to conclude that genetic variation within populations of parasites would be small and variability between populations of parasites would be large.
Empirical evidence that addresses the issue of genetic variability in ticks has tended to support Price's ecological view. Wallis and Miller (1983) examined three populations of two species of Ornithodoros ticks electrophoretically for nine enzymes. They found within-population heterozygosity values generally less than 5 per cent. Bull et cii. (1984) analysed enzymes electrophorectically in 65 populations representing six Australian reptile tick species of the genera Aponoma and Amblyomma. The heterozygosity values they reported for these six species were all less than 25 per cent. The heterozygosities reported by these authors are very low when compared to a value of 112 per cent presented by Nevo (1978) as the average for invertebrates.
The degree of inter-population divergence within species observed in these studies was smaller than predicted by Price's (1977) theory. The genetic identity (Nei, 1972) between conspecific populations of Ornithodoros ticks (not reported, but calculated by us from data reported by Wallis and Miller (1983) ) was 0983. Bull et a!. (1984) reported genetic identities between conspecific populations of reptile ticks that were greater than O940. For comparison, the maximum value for the Nei identity statistic (I) is 1O and Ayala et a!. (1975) list an average genetic identity of 0970 for comparisons of conspecific populations, a value of O795 for between subspecies comparisons, and 0352 for interspecific comparisons.
In contrast to the results of these studies, the average heterozygosity observed in five temporal and geographic populations of Ixodes ricinus (L.) for a-glycerophosphate dehydrogenase was 53•3 per cent± 1 per cent (Healy, 1979b) and the average heterozygosity calculated by us as the arithmetic mean of values published for phosphoglucose mutase was 669 per cent per cent (Healy, 1979a The purpose of the present study was to determine how much genetic variation occurs in the lone star tick, Amblyomma americanum (L.), and how it is distributed across the species range. The results of the electrophoretic examination are compared to those reported for the other species and differences discussed in the light of Price's (1977) theory. This comparison is appropriate because Amb. americanum is in the same sub-family as the Australian reptile ticks and all are three-host ticks (i.e., each of their three life stages, larva, nymph, and adult, feeds on a different host). The lone star tick differs from the reptile ticks in being one of the few truly non-particular feeders among the ticks (Hoogstraal and Aeschlimann, 1982 The females of each population were electrophoresed first and for all enzyme systems. Males, being smaller than females, gave poor results if diluted sufficiently to study all enzymes.
Therefore, males were examined for only those enzymes shown to be polymorphic in females of the same population. Figure 1 The range of Amblyomma americanum (after Bishopp and Trenibley, 1945) in the United States. Solid dots are the collection sites from which came the samples analyzed for isozyme variation. Identification codes are defined in text.
RESULTS
The procedure given above yielded electromorph information on 21 presumed gene products in 16 enzyme systems. HK-1 and TPI-1 yielded no variants in any population. LDH, CAT, MDH-1 and -2, IDH-1 and -2, PEP, ME, PGI and GPD exhibited 3-banded heteromorphic phenotypes typical of dimeric proteins. The other proteins, including ACON-A and -C, ADK, PK, HK-2, GDH, PP and EST-2 and -3 had 2-banded heteromorphic patterns typical of monomeric proteins. In PGI and ADK, only females exhibited a heteromorphic pattern; males were always homomorphic. Since in Amb. americanum females are XX and males are XO (Oliver, 1977) , the electrophoretic results can be explained if PGI and ADK are sex-linked. This explanation has been confirmed by Mendellian analysis (Sattler and Hilburn, unpublished data). The other enzymes exhibited autosomal inheritance.
For calculation of heterozygosities and polymorphisms, an enzyme was considered to be polymorphic if its most common form had a frequency less than 099 or if a variant of the enzyme was observed in several populations. Table I gives The variation among these enzymes was not evenly distributed across the range of the species.
ACON-A, MDH-2, IDH-2, GDH, PK, and PP were more polymorphic in populations east of the Mississippi River than in populations west of the river. MDH-1 and PEP were more polymorphic in the west. ADK allozyme 060 was found only in the west, allozyme 091 was found only in the east, and both forms were present in the Kentucky popur 
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--- high frequencies, the data were significantly heterogeneous (P< 0.001) as determined by a test for homogeity among frequencies (Snedecor and Cochran, 1967), but there was no significant difference between pooled electromorph frequencies from the western and eastern populations, using a t-test for the difference between two frequencies (Sokal and Rohlf, 1969) . Thus, separate populations differ from the species as a whole, but no geographically defined group of samples differed from the others. The enzymes CAT, ACON-C, EST-2, and EST-3, the latter three being the most polymorphic in the study, revealed no geographic patterns in the frequencies of their electromorphs. The differences among these enzymes seemed to result more from random effects and the vagaries of sampling the gene pools.
An analysis of enzyme similarities among populations of Amb. americanum was performed using a personal computer computation (Sattler with modifications by Nei (1978) , Mueller and Ayala (1982) , and Hillis (1984) . The results are summarised in a dendrogram ( fig. 2) obtained by submitting the pair-wise identities to an unweighted pair-group method of clustering using arithmetic averages (UPGMA, Sneath and Sokal, 1973) .
Two results are striking. First, the mean identity for all possible comparisons was very high at O9942±OOO44 (I±SD). The smallest average identity value between any clusters in the phenogram was only O99O. In fact, the smallest identity value between any two populations was O979, that between Junction, TX, and Kentucky. A second result is that there was no clear geographic pattern in the genetic variation. Whatever the meaning of the patterns observed in electromorph frequencies of MDH-2, IDH-2, and PEP, and the minor polymorphic genes, the differences were not great enough to affect the clustering of the populations. There is clearly no relationship between geographic distance and genetic identity values.
Another method for estimating the amount of interpopulation divergence relative to intrapopulation variation is by comparing the F-statistics (Wright, 1951) evaluated from enzyme data. Using the nine geographic samples as subdivisions of Amb. americanum, the F-statistics were calculated for all 21 enzymes by the procedure of Weir and Cockerham (1984) . The value for FIT (correlation
DISCUSSION
The empirical evidence obtained from electrophoretic studies of Amb. americanum populations does not match the patterns Price's (1977) model predicts for a parastitic species: "small, relatively homozygous populations with little gene flow between populations, which results in many specialised races, rapid evolution, and speciation without geographic isolation, and an abundance of sibling species" (Price, 1977) . Instead the lone star tick is revealed as a variant rich species that exhibits little interpopulation divergence. Certain populations, e.g., that from New Jersey, have both qualitative and quantitative allozyme characteristics that distinguish them, but in no case do these differences seem sufficiently unique as to suggest true genetic divergence. Instead, these differences appear to result from local, probably transitory, chance events; perhaps even resulting from the vagaries of sampling a genetically undifferentiated species.
Earlier electrophoretic studies had suggested that ticks carried little intraspecific isozyme variation (Wallis and Miller, 1983; Bull et a!., 1984; Hunt and Hilburn, 1985) . With a broader sampling of a species, the use of a greater number of electrophoretic conditions, and the examination of larger sample sizes, the present study has found only two enzymes (HK-1 and TPI-1) for which there was not at least one variant and only one other enzyme (LDH) that could not be classified as polymorphic by the criteria commonly used.
The mean proportion of enzymes polymorphic per population, P=O429 in Amb. americanum, compares well with those observed in other arthropods (Nevo, 1978) and is slightly higher than the value = Ø33 observed in Boophilus microplus (Sattler et a!., in press). However, it is much higher than values obtained for Australian reptile ticks (range: .992
.994 .996
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1.0 o to 0085; Bull et aL, 1984) or in Ornithodoros (range: O111-O222; Wallis and Miller, 1983 americanum are not predicted by Price's (1977) model of the distribution of genetic variation in parasites, and in this regard these data also differ from those reported in other tick species.
The high values of genetic identity and low value of F5 compared to Fis and F1 that were obtained from these enzyme comparisons suggest that genetic variability in this species is generally evenly distributed over the species range, a result that appears general in the tricks so far examined. Both qualitative and quantitative differences do occur. The New Jersey population had a unique form of PP and the Florida population had two forms of MDH-2 not found in other samples. There were forms of ACON-A and GDH present in population from the southeastern United States, but absent from those populations from Texas and Oklahoma. The genes MDH-2, IDH-2, and PK were more polymorphic in the former populations while PEP and MDH-1 were more polymorphic in the latter. These differences argue for a small degree of geographic structuring, but they were not large enough to affect the measures of genetic relatedness. In fact, studying the gene-by-gene identity comparisons of pairs of populations has revealed that the observed clustering is more the result of lack of geographic structure in the variability of the very hetermorphic ACON-C, EST-2, and EST-3. These enzymes were responsible for lowered interpopulation identity values and their effects generally swamped those attributable to other enzymes. Since there were no recognisable trends in the geographic distributions of allozymes of these letter three enzymes, there were no patterns in the separation of populations. Thus, the high degree of raceation predicted by Price's (1977) model is not observed in Amb. americanum nor any other tick so far examined.
In part, the inability of Price's (1977) This life history would argue against the subdivision of the species that would lead to the homozygosity, specialisation, and raceation predicted by Price's (1977) model. Moreover, the passage from host to host in this three-host tick should reduce the probability that siblings would remain together to intermate as adults, so long as hosts are plentiful, thus removing inbreeding as a force promoting homozygosity.
The degree to which populations diverge genetically is primarily determined by the amount of gene flow between them. Even infrequent exchange of genes between populations will prevent genetic divergence as long as the exchange is not solely between close, neighboring populations having very similar gene frequencies (Crow and Kimura, 1970) . Since ticks are relatively inactive when they are off the host, the vagility of these parasites, and therefore, the rate of gene flow, depends on host mobility. The absence of genetic divergence between geographical disjunct Amb. americanum populations can be explained by its lack of host specificity (ref. Mayr, 1963) and by the mobility of its large hosts, including cattle, deer, and certain rodents and carnivores (Bishopp and Trembley, 1945) , all of which can disperse ticks rather broadly. Moreover, the long distance transport of livestock and pets within the range of this tick and the large population sizes encountered throughout its distribution act to reduce interpopulation differentiation.
In summary, Amb. americanum is a variant rich species which shows little interpopulation divergence. That these observations do not agree with expectations can be attributed, in part, to the inappropriate application of the model of Price (1977) to generate predictions about ticks. Comparisons of data from Amb. americanum to observations on other ticks suggest that the levels of genetic variation within and between populations of hard ticks are best explained in terms of host mobility, population sizes of both hosts and parasites, and the degree of host specificity exhibited by the tick. Phenotypic homeostasis may also be important, but its effects are more difficult to deduce from available data.
